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(57)Abstract: 

PURPOSE: To provide a solid high-polymer electrolyte type fuel cell power 
generating system equipped with a reaction gas cooling and humidifying means 
which can cool and humidify the reaction gas without the use of any heat 
exchanger. 

CONSTITUTION: A solid high-polymer electrolyte type fuel cell 1 consisting of a 
layer of unit cells where an anode and cathode are arranged in tight attachment 
on the two surfaces of a solid high-polymer electrolyte film in such a way as 
pinching it is equipped with a reaction gas cooling and humidifying means 1 1 
which is to cool the reaction gas to a specified level by absorbing the thermal 
energy possessed excessively by the reaction gas 2F with the evaporative latent 
heat of the water, humidify the cooled reaction gas with the water vapor 



produced, and supply the resultant reaction gas 1 1 F to the anode or cathode. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It consists of a layered product of a single eel which stuck and arranged 
the anode and the cathode on the both sides on both sides of the solid-state 
polyelectrolyte film. In what generates electricity by supplying fuel gas to said 
anode from a fuel refining machine, and supplying an oxidizer to said cathode 
from an oxidizer supply system Absorb the heat energy which reactant gas, such 



as said fuel gas and an oxidizer, has superfluously with the latent heat of 
vaporization of water, and said reactant gas is cooled to predetermined 
temperature. And the solid-state polyelectrolyte mold fuel cell generation-of- 
electrical-energy system characterized by coming to have cooling / humidification 
means of the reactant gas which humidifies reactant gas with the generated 
steam and is supplied to a solid-state polyelectrolyte mold fuel cell. 
[Claim 2] The solid-state polyelectrolyte mold fuel cell generation-of-electrical- 
energy system according to claim 1 characterized by coming to allot cooling / 
humidification means of reactant gas to the supply system of fuel gas. 
[Claim 3] The solid-state polyelectrolyte mold fuel cell generation-of-electrical- 
energy system according to claim 1 characterized by coming to allot cooling / 
humidification means of reactant gas to the supply system of the reaction air as 
an oxidizer. 

[Claim 4] The solid-state polyelectrolyte mold fuel cell generation-of-electrical- 
energy system according to claim 1 characterized by being what performs 
cooling and humidification of reactant gas when cooling / humidification means of 
reactant gas sprays the pressurized water into reactant gas. 
[Claim 5] The solid-state polyelectrolyte mold fuel cell generation-of-electrical- 
energy system according to claim 1 characterized by coming to have the 
evaporator which cooling / humidification means of reactant gas becomes from 
the water retention material of the porosity allotted in the reactant gas path, and 
the make up water feed zone which supplies water to this evaporator from the 
exterior. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 



[Industrial Application] This invention relates to cooling and humidification 
structure of reactant gas which are prepared in the exterior of a solid-state 
polyelectrolyte mold fuel cell, in order to prevent desiccation of the solid-state 
polyelectrolyte film especially, a solid-state polyelectrolyte mold fuel cell 
generation-of-electrical-energy system and. 
[0002] 

[Description of the Prior Art] The solid-state polyelectrolyte film with which a 
solid-state polyelectrolyte mold fuel cell has a proton (hydrogen ion) exchange 
group, The single eel which consists of the anode (fuel electrode) and cathode 
(oxidizer electrode) which were arranged so that a catalyst bed might stick to the 
both sides It is constituted as a stack which the separate plate which has a 
concave as a reactant gas path was made to be placed between both sides, and 
carried out two or more layer laminating, an anode side -- the hydrogen as a fuel 
-- by supplying the oxygen or air as an oxidizer to a rich fuel gas and cathode 
side through said reactant gas path A three-layer interface is formed in the 
interface of the catalyst bed of two electrodes, and the solid-state polyelectrolyte 
film. While electrode reaction which the electrode reaction which H2 ->2H++2e 
Becomes in an anode one half 02+2H++2 e->H2 O Turns into in a cathode is 
performed, hydrogen and oxygen react as a whole and water generates to a 
cathode side When the generated electron moves through an external circuit, a 
generation of electrical energy is performed. 

[0003] The solid-state polyelectrolyte film has a proton exchange group in a 
molecule, and it is necessary for the specific resistance of 20 or less ohm-cm to 
be shown, and to function as a proton conductivity electrolyte in ordinary 
temperature, to humidify the reactant gas to supply and to maintain the solid- 
state polyelectrolyte film in the condition of having always got wet, with a solid- 
state polyelectrolyte mold fuel cell, by carrying out water to a saturation state. As 
the humidification approach of reactant gas for this, the internal humidifying 
method or the film humidifying method for passing water and the gas to humidify 
on both sides of the solid-state polyelectrolyte film, and the external humidifying 



method which carries out bubbling of the reactant gas in warm water are learned. 
[0004] moreover, the hydrogen which reformed natural gas and a methanol with 
the fuel refining vessel as fuel gas ~ the case where the temperature of reformed 
gas uses 600-700-degreeC and a methanol when a original fuel is natural gas 
when using rich reformed gas - 200-400-degreeC 100-degreeC which it 
becomes and is the operating temperature of a solid-state polyelectrolyte mold 
fuel cell Since it is high for whether your being Haruka compared with the 
following, cooling of fuel gas is needed. Furthermore, it is 200-degreeC, even 
when temperature rises, for example, it is four atmospheric pressures, in case air 
is pressurized and supplied by the blower or the compressor, when using air as 
an oxidizing agent. It becomes the elevated temperature of extent and cooling of 
reaction air is needed too. 

[0005] System configuration drawing and drawing 6 which show cooling / 
humidification method of conventional fuel gas [ in / in drawing 5 / a solid-state 
polyelectrolyte mold fuel cell ] are system configuration drawing showing cooling / 
humidification method of the conventional reaction air. In drawing 5 , it is 
constituted so that the anode of a fuel cell 1 may be supplied as fuel gas 5F 
which the heat exchanger 4 which uses cooling water as a cooling medium, and 
the humidifier 5 by the external humidification method were formed between the 
anode side of the solid-state polyelectrolyte mold fuel cell 1 , and the fuel refining 
machine 2, and cooled reformed gas 2F near the operating temperature of a fuel 
cell 1 , and were humidified to the saturation state. Moreover, in drawing 6 , it is 
constituted so that the cathode of a fuel cell 1 may be supplied as reaction air 5A 
which the heat exchanger 4 which uses cooling water as a cooling medium, and 
the humidifier 5 by the external humidification method were formed between the 
cathode side of the solid-state polyelectrolyte mold fuel cell 1 , and the 
compressor 3, and cooled compressed-air 3A near the operating temperature of 
a fuel cell 1 , and was humidified to the saturation state. 
[0006] 

[Problem(s) to be Solved by the Invention] In order to cool and humidify fuel gas 



and reaction air (it combines below and is called reactant gas), while raising the 
initial cost of a system, there is a problem of causing enlargement of equipment, 
by the conventional method which grounds the heat exchanger and humidifier of 
another object. Moreover, since the cooling water for cooling and the heater for 
humidification are needed, the problem of causing the decline in the thermal 
efficiency as a system or lifting of operation cost is also generated. 
[0007] The object of this invention is to obtain the solid-state polyelectrolyte mold 
fuel cell generation-of-electrical-energy system equipped with cooling / 
humidification means of the reactant gas which can cool and humidify reactant 
gas, without using a heat exchanger. 
[0008] 

[Means for Solving the Problem] In order to solve the above-mentioned technical 
problem, according to this invention, it consists of a layered product of a single 
eel which stuck and arranged the anode and the cathode on those both sides on 
both sides of the solid-state polyelectrolyte film. In what generates electricity by 
supplying fuel gas to said anode from a fuel refining machine, and supplying an 
oxidizer to said cathode from an oxidizer supply system Absorb the heat energy 
which reactant gas, such as said fuel gas and an oxidizer, has superfluously with 
the latent heat of vaporization of water, and said reactant gas is cooled to 
predetermined temperature. And it shall come to have cooling / humidification 
means of the reactant gas which humidifies reactant gas with the generated 
steam and is supplied to a solid-state polyelectrolyte mold fuel cell. 
[0009] Moreover, it crawls and cooling / humidification means of reactant gas 
considers as both the supply system of fuel gas, the supply system of the 
reaction air as an oxidizer, and the thing which it comes to allot to a gap or one 
side. Furthermore, cooling / humidification means of reactant gas decides to be 
what performs cooling and humidification of reactant gas by spraying the 
pressurized water into reactant gas. Cooling / humidification means of reactant 
gas shall consist of an evaporator which consists of water retention material of 
the porosity allotted in the reactant gas path, and a make up water feed zone 



which supplies water from the exterior at this evaporator further again. 
[0010] 

[Function] Reactant gas is cooled by evaporating water in the configuration of 
this invention using the heat energy which hot reactant gas has. And by having 
constituted so that cooling / humidification means of the reactant gas which 
humidifies reactant gas with the generated steam and is supplied to a solid-state 
polyelectrolyte mold fuel cell might be established While it can carry out 
efficiently, without using a heat exchanger for cooling of reactant gas using the 
exhaust heat of a generation-of-electrical-energy system, and the big latent heat 
of vaporization of water Since evaporation of water leads to humidification of 
reactant gas promptly, while an external humidifier also becomes unnecessary 
and cooling / humidification means of reactant gas with high thermal efficiency is 
acquired, the function which simplifies the structure of a system is obtained. 
[001 1] Moreover, both the supply system of fuel gas, the supply system of the 
reaction air as an oxidizer, and the function to perform cooling and humidification 
of reactant gas efficiently using the exhaust heat of fuel gas and each reaction air 
if it constitutes so that it may crawl and may arrange in a gap or one side are 
obtained in cooling / humidification means of reactant gas. Furthermore, if it 
constitutes so that cooling and humidification of reactant gas may be performed 
by spraying the water which pressurized cooling / humidification means of 
reactant gas into reactant gas, since the fog which was sprayed with high voltage 
and which carried out grain refining will contact hot reactant gas directly and will 
evaporate promptly, while reactant gas can be efficiently cooled with the latent 
heat of vaporization, the function which humidifies reactant gas is obtained. 
[0012] If constituted from an evaporator which consists cooling / humidification 
means of reactant gas of water retention material of the porosity allotted in the 
reactant gas path further again, and a make up water feed zone which supplies 
water to this evaporator from the exterior, the function which humidifies reactant 
gas will be obtained at the same time it cools reactant gas with the latent heat of 
vaporization of water by making the front face of the large water retention 



material of area into a heat exchange side. 
[0013] 

[Example] Hereafter, this invention is explained based on an example. Drawing 1 
is system configuration drawing showing the fuel gas supply system of the fuel 
cell generation-of-electrical-energy system which becomes the example of this 
invention, and omits the duplicate explanation by giving the same reference mark 
to the same component as the conventional technique below. In drawing, cooling 
/ humidification means 11 of fuel gas 2F is established between the anode of the 
solid-state polyelectrolyte mold fuel cell 1, and the fuel refining machine 2. When 
1.13ata(s) and a flow rate were set to 1.0Nm3/min and steam concentration is 
set [ the temperature of fuel gas 2F ] to 0.13Nm3/min for 340-degreeC and its 
pressure, It is 3 per minute 160cm by cooling / humidification means. The 
temperature of fuel gas is 70-degreeC lower than the operating temperature of a 
fuel cell 1 by adding water. While being cooled the steam of 0.33Nm3/min is 
included, since fuel gas 1 1 F of a saturation state can be mostly supplied to the 
anode of the solid-state polyelectrolyte mold fuel cell 1 While preventing 
desiccation of the solid-state polyelectrolyte film, the advantage which eliminates 
the heat exchanger 4 and the external humidifier 5 which were needed with the 
conventional technique, and can simplify the generation-of-electrical-energy 
structure of a system is acquired. 

[0014] Drawing 2 is system configuration drawing showing the reaction air supply 
system of the fuel cell generation-of-electrical-energy system which becomes the 
example from which this invention differs, and cooling / humidification means 1 1 
of reaction air 3A is established between the cathode of the solid-state 
polyelectrolyte mold fuel cell 1 , and a compressor 3. When 4ata(s) and a flow 
rate were set to 1 .0Nm3/min and steam concentration is set [ the temperature of 
reaction air 3A ] to 0.02Nm3/min for 213-degreeC and its pressure, It is 3 per 
minute 74cm by cooling / humidification means. The temperature of reaction air 
is 75-degreeC lower than the operating temperature of a fuel cell 1 by adding 
water. While being cooled the steam of 0.113Nm3/min is included, since reaction 



air 1 1 A of a saturation state can be mostly supplied to the cathode of the solid- 
state polyelectrolyte mold fuel cell 1 While preventing desiccation of the solid- 
state polyelectrolyte film, the advantage which eliminates the heat exchanger 4 
and the external humidifier 5 which were needed with the conventional technique, 
and can simplify the generation-of-electrical-energy structure of a system is 
acquired. 

[0015] Drawing 3 is the sectional view in which, and showing it, and fuel-spray 
type cooling / humidification means 11 is equipped with the pressure spraying 
nozzle 12 which sprays the application-of-pressure water 13 which pressurized 
10ata extent into the reactant gas path 15. [ cooling / humidification means of the 
reactant gas which becomes the example of this invention ][**][ type ] the 
particle of the water atomized in the reactant gas path - elevated-temperature 
fuel gas 2F or reaction air 3A - it contacts one of reactant gas, and directly, and 
evaporates promptly, reactant gas is humidified at the same time it cools reactant 
gas with the latent heat of vaporization, and moisture supplies the anode or 
cathode of the solid-state polyelectrolyte mold fuel cell 1 as reactant gas of a 
saturation state mostly. Fuel-spray type cooling / humidification means 1 1 
therefore, by absorbing the heat energy which the reactant gas which it is going 
to cool has in an excess as the atomized latent heat of vaporization of waterdrop 
Since cooling and humidification of reactant gas are performed simultaneously, it 
is rational and a configuration serves as simple equipment Since neither cooling 
water nor the heat source for humidification is needed while eliminating the heat 
exchanger and humidifier which were needed by the Prior art and being able to 
simplify the generation-of-electrical-energy structure of a system, the advantage 
which can contribute also to reduction of the initial cost of a power plant and 
improvement in thermal efficiency is acquired. 

[0016] Drawing 4 is the sectional view in which, and showing it, and evaporation 
type cooling / humidification means 21 is equipped with the evaporator 22 which 
consists of water retention material of the porosity allotted in the reactant gas 
path 15, and the make up water feed zone 23 which supplies water to this 



evaporator from the exterior. [ cooling / humidification means of the reactant gas 
which becomes the example from which this invention differs ][**][ type ] The 
function which humidifies reactant gas is obtained at the same time it cools 
reactant gas with the latent heat of vaporization of water by making the front face 
of the large water retention material of area into a heat exchange side. In addition, 
the restoration object of the porosity carbon material which was excellent in 
thermal resistance as water retention material, and a metal network etc. is 
suitable, and a cooling / humidification means of reactant gas by which small and 
a configuration do not need a simple and special heat source can be acquired by 
arranging these water retention material the shape of the same axle, and in the 
shape of [ mutually parallel ] film, and extending evaporation surface area. 
[0017] 

[Effect of the Invention] As mentioned above, this invention was constituted so 
that cooling / humidification means of a fuel-spray type or an evaporation type 
might be formed in the supply system of reactant gas. Consequently, the heat 
energy which the reactant gas which cooling / humidification means tends to cool 
has in an excess Absorb as the atomized latent heat of vaporization of waterdrop, 
and perform cooling and humidification of reactant gas simultaneously, and it is 
rational and a configuration is equipped with cooling / humidification means of 
simple reactant gas. While eliminating the heat exchanger needed by the Prior 
art, a humidifier, and its heat source and being able to reduce the initial cost and 
operation cost of a generation-of-electrical-energy system, desiccation of the 
solid-state polyelectrolyte film is prevented and the effectiveness that it is 
stabilized and the generation-of-electrical-energy engine performance of a solid- 
state polyelectrolyte mold fuel cell can be maintained is acquired. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] System configuration drawing showing the fuel gas supply system of 
the fuel cell generation-of-electrical-energy system which becomes the example 
of this invention 

[Drawing 2] System configuration drawing showing the reaction air supply system 
of the fuel cell generation-of-electrical-energy system which becomes the 
example from which this invention differs 

[Drawing 3] The sectional view in which, and showing it [ cooling / humidification 
means of the reactant gas which becomes the example of this invention ] [ **] 
[ type ] 

[Drawing 4] The sectional view in which, and showing it [ cooling / humidification 
means of the reactant gas which becomes the example from which this invention 
differs ][**][ type ] 

[Drawing 5] System configuration drawing showing cooling / humidification 
method of the conventional fuel gas in a solid-state polyelectrolyte mold fuel cell 
[Drawing 6] System configuration drawing showing cooling / humidification 
method of the conventional reaction air 
[Description of Notations] 

1 Solid-state Polyelectrolyte Mold Fuel Cell 

2 Fuel Refining Machine 

2F Fuel gas (un-humidifying [ an elevated temperature, ]) 

3 Compressor 

3A Reaction air (un-humidifying [ an elevated temperature, ]) 

4 Heat Exchanger 

5 Humidifier 

1 1 Fuel-Spray Type Cooling / Humidification Means 

1 1 A Reaction air (finishing [ cooling and humidification ]) 
1 1F Fuel gas (finishing [ cooling and humidification ]) 

12 Pressure Spraying Nozzle 

13 Application-of-Pressure Water 



14 Atomized Water 

15 Reactant Gas Path 

21 Evaporation Type Cooling / Humidification Means 

22 Evaporator (Porosity Water Retention Material) 

23 Make Up Water Feed Zone 
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